The way by which one can make sure the operating mode of the modulation is by observing the Comsol results of the designed model of proposed acousto-optic modulator (AOM). These results include the pressure distribution, sound pressure distribution, stress distribution at piezoelectric, far-field analysis that describes the diffracted light orders, and electric potential versus light frequency. Throughout the simulating process of modulator operating using Comsol, it begins when the RF is power by a voltage of 100 V, the light is then split into first ordered diffraction, which implies that the modulator is in the operating mode. The use of semiconductor materials is due to its smaller gap that easily transfers the energy that leads to generating first order diffraction when they provided a voltage power. It mentioned that zero order diffraction indicates the modulator does not run; other orders are appearing with increasing the frequency of light leading to decrease of the efficiency of the modulator performance.
Introduction
The field of acousto-optics is describing the effect of light-sound interaction, which occurs because a sound wave induces localized refractive index variations in the medium through which it travels. This interaction is not just a curiosity but forms the basis of a whole range of practical devices. Moreover, the effect is relatively strong, and important parameters such as the amount of light reflected, the angle of deflection, and frequency shift are directly related to sound power and sound frequency, which can be controlled electronically. Such interaction by [1] . These variations of acoustic wave parameters, including the amplitude, phase, frequency, and polarization are leading to modulate the optical wave. The acousto-optic interaction also makes it possible to modulate the optical beam by keeping the acoustic wavelength (frequency) fixed and varying the drive power to vary the amount of light in the deflected beam [2] .
The acousto-optical devices are based on the effect of elesto-optic or photo-elastic (Raman and Nath, 1935; Klein, 1967) . This interaction of AO happens in any optical medium when the optical beam and acoustic signal exist in that medium. When the AO crystal is injecting acoustic signal using piezoelectric mean, a strain will produce that changes the optical properties of the crystal. Then, the rarefraction and compression will generate a refractive index wave which is behaving like sinusoidal grating. Thus, the optical beam suffers some deflections, modulations, and frequency shifting when it passes through the crystal [3] .
To understand fundamentals of AO interaction, a simple experiment is given to show the useful features required to exist in modern acousto-optic devices. The experimental setup is showing in Figure 1 , it consists of a water-filled glass tank into which a sound wave frequency fs is launch by a transducer [1] . The generated refractive index gives a diffraction grating moving with the velocity given by the speed of the sound wave in the medium. The light which then passes through the transparent material is diffracted due to this generated refraction index, forming a prominent diffraction pattern tilt at different angles from the original direction. The acousto-optic modulator (AOM) is a simple Bragg cell that uses the acousto-optic effect to diffract and shift the frequency of light using sound waves, which is used in lasers for Q-switching, telecommunications for signal modulation, and in spectroscopy for frequency control.
The far end of the tank is lined with a sound absorbing material to prevent reflections. When a collimated beam of light is made to impinge on the tank from the left, we observe that the light leaving the tank is split into many orders in the drawing. Upon increasing the sound power the number of orders visible is 
Related Work and Contribution
There are a lot of researchers related to the AO modulator design. The search for the right design is still continued to improve the modulations that used in the application fields. The following subsections illustrate the most interesting topics that introduce our contribution.
Related Work
Many works of literature are published in the field of AO modulator simulation and design. The differences between them are related to some aspects such as; modulator shape, used materials, power supply, wavelength, or even the application limitations. The two-dimensional theoretical model is proposed in [4] for strong acousto-optic interaction AOI of finite-sized beams with arbitrary profiles in acoustic field with curved wave front. The resulted numerical simulation of diffraction characteristics showed that the bandwidth and diffraction efficiency are increasing 1.5 times at least at weak interaction and more than five times at strong interaction during AOI (acousto-optic interaction) in the acoustic field of curved wave front [4] . In [5] , this simulation of acousto-optic interaction is introduced and compared with experiment result by Mat lab program.
Also, the accuracy of simulation was considered extensively to be used with a feedback circuit. Finally, a hybrid bitable optical device was designed to obtain the first-order and second-order feedback and getting physical insights of the system that observed in the simulation. While [6] derived and modified the equations of coupled-wave that describes the ultra-short optical pulses diffraction.
There was a unified theory considering group delay between the Eigen waves in the crystal and anisotropic Bragg diffraction. The numerical results of the simulation showed an essential difference between of conventional theory and the modified one. It proves that precise characterization of acoustic-optical diffraction of femtosecond pulses needs solving the problem of Bragg coupling in bi-refringent media of wave packets. Also, [7] proposed a fast and right method for calculating AO figure of Merit (AOFM). This method permits to calculate the distribution of AOFM spatially and also the acoustic frequency for both un- sure the validity and applicability of the proposed method [7] . To explore the interaction between the ultrasound and light as that found in AO. The interaction between ultrasonic and light point source in a medium is exhibiting meta-acoustic properties that heuristically analyzed by assuming perfect imaging of the point source in the meta acoustic medium. The theoretical concepts of Raman-Nath and Bragg diffractions besides the interaction between non-propagating ultrasound and light are developed [8] .
Contribution
The present work concerned with determining the requirements by which can design an acousto-optic modulator. This enables to estimate the transmission characteristics of the designed modulator for simulating its performance, and then the simulation leads to improve the performance efficiency. Also, the simulation enables to work the designed AO in different situations with these variations some determined parameters. The use of four different types of materials enables to measure the acousto-optic properties that may affect the performance efficiency of the proposed AO design.
Proposed AOM Design
The proposed AOM design is implementing using Comsol software. Comsol provides some pre-established tools for designing and simulating the performance of the acousto-optic modulators, in which one can set the boundary conditions that make the operating situation of the designed AOM more realize.
The proposed AOM design is shown in Figure 2 , there is an acousto-optic medium of dimensions 3 × 4 cm and 3 × 0.5 cm, the dimension of the piezoelectric transducer is chosen from PZT-5H material (Lead Zirconate Titanate) that is commonly used the material in piezoelectric transducers. Whereas, the optic crystal domain is considered in three cases according to the used material: the first is the use of Lithium Niobate (LiNbO3), the second is the use of fused silica (1) Table 1 presents the operating parameters of the proposed AO modulator.
These parameters are input to Comsol at the model building stage. These parameters are optimized by trial and error to achieve the optimal value of each measure given in the table. The first three parameters are related to the modulator size, then the advice power is determined as the fourth parameter, the fifth parameter determines the place of interaction in the designed modulator, then the wavelength of the used light is determined as the sixth measure, the seventh and eighth parameters are related to the room temperature that determines the temperature of the modulator environment. Due to it is intended to use different crystal material, there are five operating parameters are determined of each material, the first is the material density, the second is the refractive index of the material, the third is the acoustic velocity that measured according to Equation Figure 3 shows the acoustic pressure distribution for the Lithium Niobate efficiency is highest due to the increase in the frequency leads to increase the power of acoustic that directly proportional to the efficiency. Figure 5 shows the sound pressure distribution in the acoustic crystal domain for the same different Figure 6 . It is noticeable that the behavior of sound pressure is directly proportional to the frequency and its largest value is 224 dB found at 500 kHz, where the efficiency is also highest for the same reason of acoustic pressure variation mentioned before. It should be mentioned that the distribution of the acoustic pressure is transverse along the modulator dimension, while the sound pressure is distributed longitudinal. The decrease occurs in the sound pressure at 300 kHz on its value at other frequencies is due to its perpendicularly to the acoustic pressure.
Results and Discussions
Furthermore, Figure 7 shows the stress distribution in the piezoelectric do- mm is increasing from zero up to 150 V at a 200 kHz frequency, it is increasing from zero up to 106 V, it is increasing from zero up to 164 V and it is increasing from zero up to 177 V, as Figure 11 shows.
Conclusions
The most important conclusions that indicated throughout the implementation of the present work are given in the following:
1) The acoustic distribution and sound distribution in acoustic crystal give good diffraction efficiency at the 500 kHz frequency.
2) The stress distribution in piezoelectric transducers gives good efficiency at the 500 kHz frequency, the increase of light frequency leads to increase of the modulator performance efficiency.
3) The largest stress value is found at 0.2 mm width of piezoelectricity, which is decreasing gradually till reaching 3 mm width. is shown with greater diffracted angles, which leads to decrease of the efficiency.
7) The electric potential reaches its largest value at 500 kHz.
8) The diffraction efficiency increases with the acoustic power.
